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Introduction 28
Antimicrobial peptides (AMPs) are abundant in amphibian skin secretions, with more than 300 disparate 29 kinds of AMPs having been discovered already from frog species [1] . In particular, numerous AMP families with 30 various functions have been discovered from frogs of the Ranidae family in recent years. The peptides in the skin 31 secretions of frogs mainly help them to defend against microorganisms they come into contact with and it is 32 common for close species to have AMP families with highly conserved coding sequences within their signal 33 peptides, but diverse sequences within the pro-peptides. A series of peptide variants of the same AMP family can 34 be isolated from one frog species. The hyper-mutations of frog-derived peptides can be induced by environmental 35 or bacterial challenges [5] and these variants can be retained owing to their survival value in natural selection.
36
Examples of this include six peptides (Brevinin-1Ba~f) from the Brevinin subfamily isolated from the skin of 37 Lithobates berlandieri [2] and ten Temporins isolated from the skin of Rana temporaria [3] . These AMP variants 
42
In this report, we have identified four wild-type peptides (Amurin-2, Amurin-2a, Amurin-2b and Amurin-43 2c) of the Amurin family from the skin secretions of the Heilongjiang brown frog, Rana amurensis. Through a 44 multi-sequence alignment we have shown that the nucleotide sequences of the four precursor peptides show a 45 high degree of similarity. The mature Amurin-2c has the same amino acid sequence as Brevinin-2CDYc which 46 was isolated from Rana dybowskii. In addition, two peptide analogues were synthesized to study the functional rules of Amurin-2 variants on microorganisms. Even though the mature peptides are highly similar, we have found 48 these six peptides show different antimicrobial and anti-proliferative potencies.
49

Materials and Methods 50
Rana amurensis Skin Secretion Harvesting
51
The Rana amurensis frog specimens, which were all adults, were derived from the Jilin province of the The molecular cloning was carried out as described previously [9] . The isolated mRNA was subjected to the 56 3'-RACE procedures using a degenerate primer (S1; 5′-GAWYYAYYHRAGCCYAAADATG-3′, W=A+T; 
67
Syntheses of Amurin-2 variants and the Lys-analogues 68
Amurin-2, Amurin-2a, Amurin-2b, Amurin-2c, K 4 -Amurin-2 and K 11 -Amurin-2 were synthesized by solid- The sample peptide solutions (50 μM) were prepared in 10 mM ammonium acetate initially in a 1 mm high 79 precision quartz cell (Hellma Analytics, Essex, UK). CD measurements were performed at room temperature by 80 a JASCO J-815 CD spectrometer (Jasco, Essex, UK) across the wavelength range from 190 nm-250 nm. The 81 scanning speed was 100 nm/min, the bandwidth was 1 nm and the data pitch was 0.5 nm.
To determine if these peptides also had anti-proliferative activity against human cancer cells we next 
152
Although the Amurin-2 variants isolated here are structurally conserved, their biological activities were 153 markedly different. In particular, Amurin-2 and Amurin-2c showed potent activity against C.albicans and MRSA 154 but Amurin-2a and Amurin-2b showed little activity against these strains. It has been speculated that positive 155 charges at the hydrophilic phase can remarkably enhance the initial electrostatic interaction between peptides and 156 negatively-charged cell membranes [6] . Therefore the observation that the haemolytic activates of Amurin-2a and 157 Amurin-2b are less potent than the others was consistent with the lower charge which they exhibit. In addition,
158
Amurin-2b is slightly more potent than Amurin-2a, indicating that its larger proportion of hydrophilic surface 159 could enhance its activity, but the impact of this is lower than that produced by difference in cationicity. Indeed, 160 some studies have indicated that AMPs with an uninterrupted hydrophobic residue region show less haemolysis,
161
whilst maintaining antimicrobial activity [15] .
162
When compared to Amurin-2a, the electro-positivity of the hydrophilic phases of the two modified peptides,
163
K 4 -Amurin-2 and K 11 -Amurin-2, were increased and thus the antimicrobial and haemolytic activities were 
186
Generally, α-helical domain is also associated with the bioactivity of AMPs [16] , but in this study, the CD 187 results showed unclear correlation between peptide activity and α-helical domain. It is speculated that the function 188 is more related to the distribution of amino acids residue on the surface of α-helical structure rather than the helix 
